The Autobac I system was used to evaluate the antibiotic susceptibility pattern of methicillin-resistant Staphylococcus aureus isolates. The results of the Autobac I were compared with the results of the disk diffusion method. The disk diffusion susceptibility pattern showed resistance to methicillin/oxacillin, penicillin, erythromycin, clindamycin, and kanamycin. All isolates were susceptible to cephalothin, chloramphenicol, tetracycline, and gentamicin. There was at least 96% agreement using the Autobac I system with all antibiotics except methicillin and clindamycin. When penicillinase-resistant, semisynthetic penicillins came into general use in the early 1960s, naturally occurring strains of Staphylococcus aureus resistant to these agents were found (12, 13, 18) . Such strains became of epidemiological importance in England, Europe, and Ethiopia (18). However, the expected increased prevalence of these organisms in the United States did not appear. Several small outbreaks have been reported in hospitals in the United States, the first being at Boston City Hospital in 1967-1968 (2). Subsequent outbreaks (14, 17) and sporadic cases (5, 6) have been reported.
When penicillinase-resistant, semisynthetic penicillins came into general use in the early 1960s, naturally occurring strains of Staphylococcus aureus resistant to these agents were found (12, 13, 18) . Such strains became of epidemiological importance in England, Europe, and Ethiopia (18) . However, the expected increased prevalence of these organisms in the United States did not appear. Several small outbreaks have been reported in hospitals in the United States, the first being at Boston City Hospital in 1967-1968 (2) . Subsequent outbreaks (14, 17) and sporadic cases (5, 6) have been reported.
Resistance to methicillin/oxacillin in S. aureus is poorly understood. It is known that antibiotic inactivation by enzymes is not a mechanism for resistance. There are, however, several factors that influence the in vitro determination of methicillin-resistance. These include the incubation temperature, the incubation time, the inoculum size, and the salt concentration of the test media (1, 11, 19, 21) . Because ofthese factors it was predicted that the determination of methicillin resistance by the automated system Autobac I might not give valid results (22) .
Recently, increased numbers of methicillinresistant S. aureus organisms have been isolated from our in-patient population. These Factors known to alter the in vitro determination of methicillin resistance include temperature, NaCl concentration, inoculum size, and incubation time. As demonstrated, the incubation time, if prolonged, will increase the number of methicillin-resistant isolates. However, the majority of isolates were recorded as susceptible, even after prolonged incubation in the Autobac I system. Other in vitro parameters were examined to determine if changes in the Autobac I test procedure would increase the reliability of detection of these resistant isolates.
To determine the effect of salt concentration in the Autobac I system, a 5% final concentration of NaCl was added to the inoculum broth. The increased salt concentration did not affect methicillin susceptibility (Fig. 1) . The organisms included in this test ranged from those that had a high degree of susceptibility to methicillin to those that had some degree of methicillin resistance and gave an LSI from 0.8 to 0.55. The 5% salt concentration caused a slight decrease in the LSI of highly susceptible isolates and an increase in the LSI of more resistant organisms. The high salt concentration markedly decreased the activity of gentamicin. All isolates that were initially susceptible were recorded as resistant after incubation in the 5% NaCl broth. The LSI for the other antibiotics examined was not affected by the increased salt concentration.
The temperature in the Autobac I incubator was lowered to determine if temperatures <360C
altered the results. When susceptibility tests were run at 320C, there was no increased detection of methicillin-resistant organisms. The lower temperature did increase the normal 3-h incubation time beyond 5 h and up to 8 h. Several susceptible isolates consistently had a high LSI (>0.7), whereas others had a lower LSI (<0.7). When these isolates were classified with respect to their origin in the hospital and phage susceptibility, certain patterns were seen. All organisms isolated from the burn unit had a high LSI and a nonreactive phage type (Table 2) . With two exceptions, organisms isolated from the surgical intensive care unit had a lower LSI and phage type 47/54/75/83A/+. Two organisms from the surgical intensive care unit that did not have a low LSI were the first initial methicillin-resistant S. aureus strains to be isolated at Jackson Memorial Hospital. Organisms with a phage type similar to that found in the surgical intensive care unit but from other hospital locations had both low and high LSIs.
It has been reported that cultures of methicillin-resistant S. aureus represent a heterogeneous population of susceptible and resistant cells (8, 19, 20) . The results of this study suggest that organisms with a lower LSI have a greater population of methicillin-resistant cells in the inoculum. The inoculum delivered to each cuvette cell in the Autobac system was 106 to 2 x 106 organisms/ml. The antibiotic-resistant population was quantitated using isolates with different LSIs (Table 3 ). The number of resistant organisms in the population appeared independent of the LSI. Isolates with a high LSI, indi- cating susceptibility to the antibiotic, often had varying proportions of resistant colonies. Likewise, organisms with a low LSI, indicating resistance, frequently had smaller percentages of resistant organisms. The colonies on the drug plate were consistently smaller than the colonies found on the antibiotic-free plate with the corresponding inoculum. DISCUSSION The Autobac I system, a method to measure an early in vitro response to antibiotics, was found to be specific and reproducible by Thornsberry et al. (22) . Because of its automation, the system is less subject to certain technical deviations and errors that may be encountered when dilution and diffusion techniques are performed in routine clinical laboratories. One of the potential problems that these authors thought might be encountered with the system was the inability to reliably detect methicillin-resistant S. aureus isolates. Due to the unusual "heteroresistant" nature of methicillin-resistant isolates and the short incubation time in the Autobac I system, organisms may appear susceptible to methicillin.
The minima inhibitory concentration (MIC) It was interesting to note that within the hospital there were two major groups of organisms based on phage typing and Autobac susceptibility. Organisms isolated from the burn unit were nonreactive to the basic set of phages and always gave high LSI readings. Isolates from the surgical intensive care unit were phage type 47/54/75/83A/+ and consistently gave low LSI readings. Organisms of the latter phage type but from various other areas in the hospital yielded varied LSI values. These results suggested that there was a great deal of heterogeneity in the S. aureus isolates. However, when the resistant population was quantitated, there was no correlation between the number of resistant organisms in the population and the LSI reading. Frequently, organisms with a high LSI reading, which would indicate susceptibility to the antibiotic, had a greater number of resistant organisms in the population than isolates with a low LSI. When these organisms were isolated on the antibiotic-containing plates, the colony sizes were markedly reduced. If individual colonies from the antibiotic-containing plates were retested in the Autobac I, they yielded the same result as the parent population. Resistance was not increased by this selective procedure.
By disk diffusion and Autobac I testing, the isolates were recorded as susceptible to cephalothin. Plorde and Sherris (18) demonstrated that most methicillin-resistant S. aureus isolates were susceptible when cephalothin disks were used in the disk diffusion procedure. Only the cephalexin disk discriminated between susceptible and heteroresistant S. aureus strains. Our isolates were resistant to cefazolin and cephalexin when tested by the agar dilution procedure. The organisms were susceptible to cephalothin (8 ,ug/ml) and cefamandole (16 ,ug/ml); however, the MICs were higher than those usually found for methicillin-susceptible strains of S. aureus. In our laboratory the median MICs for cephalothin and cefamandole for methicillin-susceptible S. aureus isolates are 0.4 ,ug/ml for each antibiotic.
Our results indicate that the Autobac I system does not reliably detect methicillin-resistant organisms. From our evaluation of the Autobac I system, we feel that laboratory personnel must be aware of the antimicrobial susceptibility pattern of methicillin-resistant organisms. It is not uncommon to isolate S. aureus organisms resistant to penicillin/ampicillin; however, it is uncommon to isolate S. aureus organisms that are multiresistant to other antibiotics. Our isolates were resistant to penicillin, erythromycin, chindamycin, kanamycin, and methicillin. Other investigators have reported several different multiresistant patterns (2, 19) . Therefore, when an S. aureus isolate yields a multiresistant antibiotic pattern with the Autobac I system, the final report as to the susceptibility to methicillin should be held until it is verified by another accepted procedure.
